In leaf cells of the higher aquatic plants e.g., Elodea and Vallisneria, rotational streaming of the cytoplasm is induced by such external stimuli as irradiation with light or the application of various chemicals. This type of streaming is called "secondary streaming" (4, 6) , and that seen in Characean cells is called "primary streaming", as it is steady and ceaseless under natural conditions. Considerable information of the mechanism of primary streaming has been obtained for the internodal cells of Characeae. The rotational cytoplasmic streaming in the Characean cells generally is understood to be caused by the unidirectional sliding of the endoplasmic organelles equipped with myosin-like protein along bundles of F-actin filaments, all of which are anchored on the stationary chloroplast files. The direction of the streaming is thought to be determined by the polarity of the F-actin composing the bundles of microfilaments (7) .
Less is known, however, about the structure and function of the motile system for secondary streaming, though the nature of the photoreceptor involved in light-induced cytoplasmic streaming and chloroplast movement has been clarified to some extent (3, 12, 13) . Information obtained from investigations of Characean cells should help us to understand the mechanism of rotational streaming in the leaf cells of aquatic plants. Forde and Steer (2) looked for microfilament bundles in leaf cells of Elodea, but failed to find large bundles that might be responsible for the generation of cytoplasmic streaming. We recently have found many bundles of microfilaments in Vallisneria leaf cells which manifested active cytoplasmic streaming (unpublished results). These bundles, which appear very similar to those in Characean cells, are localized in the peripheral region of the cell. Their orientation coincides well with the direction of streaming. Whether these bundles are generated prior to the induction and establishment of streaming attracted our interest. If so, the mechanism of secondary streaming must be closely related to the stability of these microfilament bundles.
The present study was performed to obtain information on the properties of the motile apparatus in secondary streaming. Using two drugs, cytochalasin B (CB) and lead acetate, we examined i) the cessation of streaming induced by their application and ii) the reversal of the streaming direction after their removal.
As stated above, the endoplasm in Characean cells streams unidirectionally, supposedly due to the polarity of the microfilaments. Reversal of the streaming direction, therefore, can occur only through the disorganization and reconstruction of the microfilament bundles. The stability of these bundles in Vallisneria in relation to the mechanism of secodary streaming is discussed. mass of cytoplasm, like a helmet, containing chloroplasts and other particles was often formed. This helmet-like mass did not shift position and continued to rotate there at least for few hours (Fig. 2) .
2) On the streaming direction: Bundles of microfilaments in Characean cells are not affected structurally by cytochalasin B (1, 14) . To obtain information of the structural Reversible inhibition was observed with treatments at 50 and 100 mM. Fig. 4 shows the time courses of the inhibition of streaming and its recovery. Streaming in every treated cell was inhibited completely within 30 min at 100 mM, and within 45 min at 50 mM. Disturbances in the streaming track and the stack of cytoplasm, observed with CB treatment, did not occur with lead acetate. Cells inhibited completely at 50 mM resumed their normal velocity within 90 min after the drug had been washed out. The recovery in cells that had been treated at 100 mM was slightly delayed.
We noted that streaming started without a time lag after removal of the drug as was observed with CB treatment. Reversible inhibition was observed with treatments at 50 and 100 mM. Fig. 4 shows the time courses of the inhibition of streaming and its recovery. Streaming in every treated cell was inhibited completely within 30 min at 100 mM, and within 45 min at 50 mM. Disturbances in the streaming track and the stack of cytoplasm, observed with CB treatment, did not occur with lead acetate. Cells inhibited completely at 50 mM resumed their normal velocity within 90 min after the drug had been washed out. The recovery in cells that had been treated at 100 mM was slightly delayed.
We noted that streaming started without a time lag after removal of the drug as was observed with CB treatment. Fig. 4 . Effect of lead acetate on the streaming rate. As in the case of CB, lead acetate was applied at the concentrations of 50 (-0-) or 100 mM (-A-). Tap water was used as the control medium (-0-). Each point represents the mean value for five cells. The length of the vertical bar is the S.E. of the mean. 2) On the streaming direction: Effects of the drug at 50 and 100 mM were examined as described above. The treatment periods were set at 1 and 3 h because treating cells for a longer period (such as 1 day) killed even those immersed in rather dilute solutions (i.e., 50 mM). Results are shown in Table 1 . Lead acetate produced no reversal of the streaming direction in almost all the cells. This differs sharply from the results obtained for CB treatment, and suggests that the microfilament bundles must be structurally stable during the cessation of cytoplasmic streaming caused by lead acetate. rotational streaming is established. 2). The motile system of secondary streaming differs in the structural stability of the microfilament bundles from that of primary streaming. Cytoplasmic organelles equipped with myosin-like protein need to be investigated further. Myosin-like protein already has been extracted from Elodea and partially purified (11) .
DISCUSSION

